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Preface

The title adopted or inherited by a professional group is not
necessarily descriptive. The actual field of activity of the civil engi-
neer, for example, is much more restricted than its ill-fitting title
would suggest. Similarly, the sanitary engineer, through his text-
books and his professional activities, has defined and delimited his
field, not as the engineering of sanitary science, but as the engineer-
ing of water supply and its complement, sewage disposal. Thus,
despite the laudable efforts evident in some of our colleges to broaden
the educational foundation of sanitary engineering, the accepted
current usage of the professional title itself implies no such broad
coverage of the field of environmental sanitation as is dealt w1th
in the present text.

In 1924 T compiled and published, under the title Principles of
Public Health Engineering, a series of lectures which had been pre-
pared for a summer-school course at Columbia University. That
title, as a subject of instruction, was novel and somewhat provocative.

The American Public Health Association had in 1911 organized
its public health engineering section in recognition of the need for
a meeting place for that rapidly growing group of engmeers who
were utilizing their specialized training and techniques in the
public health field.

At about the same time the United States Public Health Service
had begun the organization of its own engineering staff, variously
assigned to work on mosquito control, stream sanitation, and the
investigation of epidemic outbreaks of disease. The title sanitary
engineer, established through civil-service classification, was main-
tained in the Public Health Service during the subsequent years
when that engineering personnel was building its fine record of
accomplishment in such additional and diversified fields as milk
sanitation, industrial hygiene, ventilation, and illumination. How-
ever, the Public Health Service gave early recognition to this broad-
ened field of engineering activity in its publication, maugurated in
1921, Public Health Engineering Abstracts.

At the present time the public health engineer, through his own
merits, has gained a substantial place and recognition in public
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vi PREFACE

health. Many states and cities have officially established positions
in the various grades of Public Health Engineer; civil service and
merit systems have set up corresponding classifications; and the
engineering colleges are responding in increasing numbers with
course offerings in this emerging division of the sanitary engineering
section.

The present text has been prepared with this situation in mind.
Like its forerunner, it deals with principles rather than with engi-
neering practice. It is written primarily for the engineer who pre-
sumably has learned how to design and build, to teach him, in the
light of present-day knowledge of sanitary science, what to design
and build and why.

Its approach is through chemistry and the biological sciences,
especially bacteriology and physiology. It stresses public health
through engineering rather than engineering itself. This approach
makes the text of service also to the medically trained student of
public health. One who may be called on to administer a health
department will profit if his basic training includes a somewhat
broader treatment of environmental sanitation and its underlying
principles than is currently to be found in available public health
texts.

During the nearly quarter century that has elapsed since the pub-
lication of my Principles of Public Health Engineering, the subject
has been continuously expanding from within. So great has been
the elaboration in the several diverse fields of sanitary science that
I have found it needful to seek the collaboration of others in the
preparation of an authoritative text.

In the preparation of Part One, the Air Contact, I have been for-
tunate in being able to secure the aid of Doctor Harry D. Pratt,
Scientist, U. S. Public Health Service, whose extensive experience
has been utilized in the writing of the chapter on Insects and Insect
Control; and we are both indebted to Professor John M. Henderson
of the School of Public Health, Columbia University, for reading
this chapter and for revising the section dealing with drainage.

Professor C. J. Velz has collaborated in the preparation of the
whole of Part Two, the Water Contact; in particular, he is respon-
sible for the development of the systematic outline of principles
applicable to both water and sewage treatment, presented in
Chapter 13, as well as for the succeeding chapters dealing with
treatment of polluted waters and for the chapter on Rural Sanitation.
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The necessary expansion of the text into two volumes has obvious
disadvantages, and the publisher’s suggestion of this arrangement
was at first received with some concern. However, there are certain
compensations, particularly in that one or the other part is available
for use in courses that are correspondingly limited. To this end the
two volumes have been made mutually independent as far as may
be, with a minimum of cross references and separate indexes.

Earie B. PueLrs
May 1948
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CHAPTER 1
MAN AND HIS ENVIRONMENT
INTRODUCTORY

Man has been said to be a product of heredity and environment.
Heredity represents an endowment from the past, an ancestral
estate to which each individual falls heir at birth and which he
must accept whether it be good or poor, to do with what he will.
Environment represents the present-day opportunity to develop that
endowment, to make good use of a poor inheritance or poor use
of a good one. However seriously biologists may debate the relative
importance of these two factors in the development of mental and
moral traits and of character, it is quite plain that in regard to
physical health and well-being there is no hereditary endowment
so good that it cannot be wasted away in a bad environment, and
rarely one so bad that it cannot be reclaimed, in part at least, by
favorable treatment.

This is so because life itself is fluid. That which we sometimes
term the stream of life is similar in many respects to a stream of
water. Regardless of its source and early history such a stream adapts
itself to the varying physical contours of its banks and moves slug-
gishly or feverishly according to the slope of its bed. It may become
fouled by passing over filth and be restored to cleanliness and purity
under the influence of air and sunlight. So it is with physical life;
confined within fixed boundaries and urged by the very laws of its
being to move along established channels, it is nevertheless molded
and directed, stimulated or retarded, contaminated or purified by
its contacts.

In less imaginative but more concise and descriptive phrases the
great biologist, Herbert Spencer, spoke of life as being characterized
by a continuous adjustment of internal to external relations, or, in
modern terms, by adaptation of function to environment. The degree
of this adaptability is great. We see it illustrated, for example, when
men, presumably made of the same protoplasm, are found existing
in apparent comfort and well-being both under the direct rays of
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2 MAN AND HIS ENVIRONMENT

the tropical sun and far within the Arctic Circle; under conditions
of extreme poverty and deprivations and under those of luxurious
wealth; in the dampness and darkness of a mine, far beneath the
earth’s surface, and at such mountainous altitudes that the actual
atmospheric pressure is reduced by nearly one half its normal value.
In fact, if we view life as a whole, there seems to be almost no limit
to its adaptability to environmental conditions. The sperm whale
in the depths of the arctic sea and the bird of paradise in the tropical
forest are merely suggestive of these possibilities.

Our present interest, however, centers upon the human species
and not so much upon the limits of its adaptability as upon that
other important characteristic, the most favorable or optimum con-
dition. We cannot expect human existence to function best under
any of the extreme conditions to which allusion has been made. In
whatever direction we may extend our search we always find,
between the extreme limits of adaptability within which life may
actually exist, a certain much more restricted range where the life
processes function most smoothly, and with least danger of over-
stress and breakdown. This is the range of conditions within which
the forces of evolution appear to operate most effectively, because
least disastrously, and where progressive improvement, rather than
mere static existence, seems to be really worth while. It is one of the
major problems of public health to investigate and to define, as far
as practicable, this optimum range of conditions. We must learn,
not only to determine and avoid those conditions that are definitely
harmful, but also to seek out and utilize those that are beneficial.

But we go even further than this, We are today very largely in
control of our environment. It is possible, for example, to provide
an atmosphere of any specified physical properties within the home
or factory. Engineering research and skill have made it possible
for us to hear the human voice halfway around the world, to invade
the special environments of the fish and the bird, and, by transpor-
tation and refrigeration to bridge time and distance and bring the
world’s foods to our kitchens.

This situation is, of course, limited by the temporary limitations
of engineering skill. But it is limited also by our own lack of knowl-
edge. Just as we must know what air conditions are desirable for
health and comfort before setting up the equipment to provide
them, so, in general, we must know the optimum conditions of
living before putting into effect the machinery of control.
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The public health engineer of today, is, in brief and to a large
and increasing extent, developing the complement of Spencer’s
definition of life and continuously adjusting external to internal
conditions. Our present inquiry then takes this form: What are the
important contacts with the environment as they affect the health
of man; what are the undesirable and what the most favorable
conditions of the environment at these points of contact?

The actual physical environment is made up of a multitude of
separate units, none of which is capable of individual existence, and
so the problem of the optimum environment is not capable of a
single solution. For example, the respective climatic conditions of
northern and southern cities, conditions over which we have no
primary control, throw into greater or less prominence many of
these artificial factors with which we actually have to deal. The
problem of ventilation of schools, which presses most seriously in
northern cities, would hardly be a major public health matter in a
more equable southern climate. In the preservation of food it is
quite obvious that the problems in the North, especially during
cold weather, are much simpler than those in the South. Nor is it
necessary to compare places of different climates to develop this
point. In the matter of clothing, an environmental factor of some
importance, the most suitable apparel may, within a brief period,
and within the same city, be variously a raincoat, a topcoat, or a
Palm Beach suit.

The most favorable condition of temperature, furthermore, is
dependent upon the occupation of the individual, whether he be
engaged in hard manual labor or occupying the easy chair, shall
we say, of a public health official. Examining the problem still more
minutely, we find that even among individuals, at the same time
and place and under apparently the same physical conditions, there
is variation of requirements. In our northern cities the disagreement
among members of the family as to the proper household tempera-
ture is a proverbial matter, and within any group there are innu-
merable individualities, possibly remnants of heredity, which make
for characteristic personal preferences as to food, clothing, and other
physical contacts with the environment. Our study, then, must take
full cognizance of these manifold individual differences, in addition
to the mutual interrelation of the various items which go to make
up the environment 77 oto. We can hope, at best, to locate upon this
confused chart average conditions and limited ranges, sufficiently
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broad to include normal individual variation and sufficiently
restricted to establish regions that are best suited to the general
welfare and development of the group.

ADAPTATION AND TOLERANCE

It has been noted that, in an evolutionary sense, adaptation has
been the response of the organism to environmental conditions and
their changes. Evolutionary adaptations, however, involve evolution-
ary times, extending through the ages, and thus do not come within
the practical range of our present studies. Adaptation has also a
secondary significance in which we are more immediately inter-
ested. We speak of a person being adaptable to changes in social or
working conditions; of the slum dweller having become “used” to
his surroundings; or of persons from the middle latitudes being
acclimatized to tropical climates. We adapt ourselves naturally and
with little effort to normal seasonal changes, to good weather and
bad, to day and night. We tolerate, temporarily, the conditions of
an overcrowded streetcar, loss of sleep, and even lack of food and
drink.

AparratioN. Adaptability, as thus used, implies the ability to
adjust oneself rather promptly and without undue effort or unfavor-
able response to changed conditions. The changes may be of a
permanent nature, such as are associated with migration to a new
country, or of a reversible and periodic nature, such as seasonal
changes in temperature. The resulting adaptation or adjustment to
the change may itself be permanent, or it may last for only a limited
period.

Acclimatization or “getting used” to new conditions implies a
more definite initial reaction to the change but one which can be
satisfactorily made and sustained. It also implies permanency of a
sort, although such an acclimatization as that of the European to
the tropics is recognized, in general, to be a limited tolerance, and
becoming accustomed to extreme poverty in no way suggests that
a low standard of living is desirable or best.

Torerance. Tolerance is a phenomenon of the same order, but
having a somewhat different and more suggestive meaning. In
engineering, it is a well-defined word indicating the acceptable
limits of departure from a given or desired dimension.

Biological tolerances have a similar meaning. Optimum condi-
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tions may be conceived, but, owing to limitations of physiological
experimentation, they can be measured only within a certain range.
Moreover, even if the optimum could be accurately defined, it is not
generally feasible, nor is it necessary, to provide it exactly or at
all times. Tolerance in biology defines the range about the opti-
mum within which the organism is enabled to carry on its normal
functions.

Biological tolerance has one unique characteristic. In general, it
is a time-intensity function. One may, for example, sustain continu-
ous exposure to the toxic effects of carbon monoxide in a certain
minimal concentration without harmful effect. With increasing
concentration of the poison, the time of exposure permissible with
safety decreases continuously. This is rather typical of tolerance and
brings it into line with acclimatization. Life for the European in
the tropics, for example, is often found to be merely a limited
tolerance over a period of a few years, after which a return to the
homeland is found desirable.

Finally, adaptation to adverse conditions may increase the normal
tolerance range or extend its time. Workmen in the digester room
of a sulphite pulp mill are continuously exposed to a concentration
of sulphur dioxide gas in the atmosphere, which is exceedingly
painful and even unbearable to the casual visitor. Whether this
increased tolerance, through adaptation, is permanent or has its
own time limit could be determined only by a compilation of the
health and mortality statistics of such a group.

Tue Ruie or THE MepruM. Professor Ellsworth Huntington in
his Civilization and Climate* discusses the effects of the environ-
ment upon mankind and develops what may be called the law of the
medium. When civilization is viewed as a whole, it is seen that man
has progressed most rapidly through the ages, not in the regions of
extreme cold nor in those of high temperature, to both of which he
has become adapted racially, but rather in the zones of medium
temperature. Similarly, neither the dryness of the desert nor the
excessive wetness of the swampy jungle, but a moderate amount
of rainfall, appears to favor the development of the race. Finally,
even in the matter of variability itself, the rule of the medium holds.
A moderate amount of variability in the matter of temperature or
of storminess is superior to excessive and sudden changes over wide

* The more importént reference works cited may be found listed at the end of
each chapter.
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ranges, as well as to the steady monotony of such climates as those
of the South Sea Islands.

Such a conclusion is quite in harmony with the general facts of
evolution. Development of an adaptability to a given range of
conditions must indicate least favorable conditions at the extremes
and an optimum condition somewhere near the middle of the
range. It is a matter of common experience that medium conditions
and times, the morning and the evening, the spring and the fall,
the periods of gentle showers and of light breezes yield the maxi-
mum comfort and pleasure. In brief, the rule of the medium seems
to be a most satisfactory guide to optimum physical and climatic
conditions.

PUBLIC HEALTH

Brovocrcar Aspects. Public health deals largely with the prob-
lems of man’s relation to the environment. Its task is to assure the
necessary favorable contacts and to minimize the unfavorable. Its
problems are manifold, and to their solution it brings the resources
of many of the fundamental branches of science.

At the very foundation of the public health structure lie the
biological sciences, especially physiology and bacteriology. The life
processes are found to conform to many of the same laws and prin-
ciples that operate among the physical and chemical reactions of
the inorganic world, and physics and chemistry have assumed
places of ever-increasing importance in biological investigations.
These investigations, in turn, are providing a growing fund of
knowledge concerning the reactions of living things to the most
varied of environments, and it is thus becoming possible to deter-
mine the most favorable conditions for the health and well-being
of the human species and the least favorable ones for the activities of
man’s enemies.

These are the biological aspects of public health. As they deal
largely with the fundamental data which go into the teaching of
medicine they are often called the medical aspects. To a very con-
siderable extent, the study of human reactions to the environment
corresponds with Spencer’s definition of life. It is a study of the
adjustment of internal to external relations.

But public health goes beyond this. It recognizes that there may
also be an adjustment of external to internal relations, that is, an



PUBLIC HEALTH 7

adaptation of the environment to man by control and modification
of his physical and biological surroundings. In truth, this is the
older phase. Man took refuge in his first crude shelters and built
his first fires long before he gave any heed to his own marvelous
powers of adaptation.

Modification of the environment is, in fact, the complementary
reaction of adjustment to the environment. The immediate air
environment of a warm-blooded animal, for example, is continuously
modified by being warmed. The life processes and the environment
meet each other part way at every contact. But beyond this there is,
in modern life, an actual control of the environment—a planned
and enforced change of major proportions. Examples of this are
seen in housing, heating, lighting, and similar works.

PusrLic Hearte Pracrice. Doctor Haven Emerson, an eminent
practitioner and teacher of public health (and a friend and counselor
of the author’s over many years), has broadly but concisely defined
the practice of public health as the application of the sciences of
preventive medicine, through government, for social ends.

The sciences of preventive medicine are of wide range, but their
application involves two major principles, the study of causes and
the study of preventive measures. If, perchance, it includes curative
remedies, the third and most conspicuous part of medical science,
these may be justified, as public health practice insofar as they cure
for social ends, that is, for the protection of the public.

PusLic Hearran Encineerine. The knowledge and application
of those preventive measures with which sanitary science is so
largely concerned take us into regions that are engineering, rather
than medical. This, however, must be noted as the characteristic
nature of all such activities. Their basic data are the data of the
medical sciences. They, too, rest upon a study and knowledge of
causes. Only when these are understood may we profitably
undertake the study and apphcauon of engineering techniques in
prevention.

The history of typhoid fever and its relation to water supply and
to food will provide a useful illustration of the role of the public
health engineer. Biologists have learned that typhoid fever has its
origin in a specific germ derived from the excreta of a pre-existing
case of the disease, active or latent, and taken into the alimentary
tract of the victim. The habits and reactions of the typhoid organism,
Eberthella typhosa, have been rather thoroughly investigated, It has
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been learned that it frequently passes from victim to victim through
the medium of water or food; that it tends to die out under the
unfavorable environments of soil or water, although its death rate
is not so rapid as to insure against the passage of some surviving
organisms down a stream to a waterworks intake or through the
soil to a well; that it multiplies in foods, especially in milk, and at
a lower rate at lower temperatures; that it can be destroyed by heat
and by various chemical substances.

This fundamental knowledge makes it possible for the individual
to protect himself by taking certain precautions, such as thoroughly
heating everything that is taken into the mouth. But public health
implies much more than this. Because of lack of understanding,
indifference or carelessness, the individual cannot be relied upon to
apply the necessary preventive measures, and his relation to the
public in the case of an infectious disease makes it a matter of public
concern that he be protected through government and for social
ends. Public water supplies, milk supplies, and other food supplies
are readily subjected to public control, which can be made more
thorough, efficient, and economical than individual control.

In this field of control the engineer plays a leading part. He finds
that the natural purifying powers of the soil can be directed and
controlled and even vastly improved by the employment of suitable
engineering structures, and thus he develops methods for the treat-
ment of water and sewage. For greater efficiency and economy he
employs the known principles of chemical coagulation and chemical
disinfection, again using engineering skill to direct and control the
natural forces and agencies to the required end. In the case of milk
supply these remedies are not available, but there are other possi-
bilities. The combination of time and temperature necessary for
disinfection having been specified, the engineer designs and operates
machinery and plant equipment for heating or pasteurizing milk
and for its handling on a commercial scale, to the end that the milk
supply may be safeguarded

This specialized field, in which engineering principles and tech-
niques based upon biological data are employed in the pract1ce of
public health, constitutes the field of public health engineering. It
deals essentially with the control of the environment, with those
modifications and protective and preventive measures that have been
found desirable or necessary for providing optimum conditions for
health and well-being. It is synonymous with environmental sani-
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ration and represents the practical application of sanitary science.

The differentiation of public health activities into their biological
or medical and their engineering branches does not apply so much
to the routine administration of these activities as it does to the more
fundamental study and development of basic principles, which we
term research and design. No one without bacteriological training
and experience is qualified to determine the thermal death curves of
the pathogenic bacteria likely to be found in milk; likewise sound
engineering is equally essential in the design and control of pasteur-
izing machinery which will, with certainty, subject each particle of
the milk stream to the specified destructive combination of time
and temperature. But in the routine control of the process of pas-
teurization, as a part of the broader problem of the control of the
milk supply, there is required merely a basic knowledge of the
scientific principles that have been developed and a training which
will enable the official in charge to recognize the essentials. Although
this requirement is far less than the sum of the requirements of the
investigators and designers, it is in itself, because of its breadth and
complexity, a matter worthy of our serious study.

Engineering has been defined as the art of directing the forces and
activities of nature to the use and convenience of men. Confining the
attention to those forces and activities which are included in the
sciences of preventive medicine and to the direction of those forces
and activities through government and for social ends leads to an
appropriate delineation of the field of public health engineering.

It is our task in the chapters which follow to explore the various
subdivisions of this field with the object of studying, first the bio-
logical facts and factors which underlie each specific problem of
environmental control and, second, the physical and engineering
principles that have been or may be employed in its solution.

THE ENVIRONMENT SUBDIVIDED
FAVORABLE CONTACTS

Ar, WaTer, anp Foop. The principal reaction of animal life,
looked at in a purely chemical sense, is oxidation. The necessary
conditions for this reaction are a supply of oxygen, an aqueous
medium to hold the reagents in solution, and organic matters capable
of undergoing oxidation along certain restricted lines. Thus air,
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water, and food are the primary requisites of animal life and con-
stitute the three essential channels of communication between the
living organism and its environment.

It was pointed out many years ago by Mrs. Ellen H. Richards that,
in man, the necessity for a continuous contact with each of these
three environmental agencies varies in the order given. His storage
capacity for air is small, and suffocation results if his contact with the
air environment is cut off for only a few minutes. Water can be
dispensed with for some days, and a 40-day fast is not an unknown
event. These time relations are of more than incidental interest, for
they are related to and doubtless determined by the availability of the
supply and man’s consequent adaptation.

Air is continuously available, and in quantities greatly in excess
of normal requirements. Capacity for storage would be without value
except, possibly, in a race of pearl divers. By reason of its abundance
and ready availability, the air supply is the easiest to control and to
adapt to modern conditions of living.

The food supply of man, on the other hand, has only become
continuously available through the operation of a highly specialized
social organization and, even then, in strictly limited quantities—a
fact borne in upon us during these troubled times. Among primitive
peoples food supply depends, to a large extent, upon the vagaries of
the climate or the fortunes of the hunt. Food supply now constitutes
one of the most complex phases of the environment, involving pro-
duction, handling, preservation, storage, distribution, and prepara-
tion, as well as the data of the sciences of nutrition.

Water supply occupies an intermediate position. As a rule, water
is readily available in habitable regions, but neither continuously so,
nor in such excessive quantities as is air. The problem of its control
is likewise intermediate in complexity. It involves in its simpler
aspects storage, to provide for periods of drought, and distribution.
We shall later see that man’s use and impairment of natural water
supplies further complicate this situation.

Orner FavorasLe Conracts.  There are other contacts or channels
of communication with the environment, not essential to life per-
haps, but of great practical importance to well-being. These will
claim some attention and may conveniently be classified under one
of the major contacts. The environment provides light, the medium
for the operation of the sense of sight, and attention must be given
to the suitable adjustment of conditions for its proper functioning.
Sunlight and certain forms of artificial light also have important
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relations to certain other physiological activities which are even
now just beginning to be understood. The senses of hearing and of
smell are other independent channels of contact through the air.

UNFAVORABLE CONTACTS

All these, and possibly others of lesser importance, are the favor-
able contacts. They are essential to life, or beneficial. In distinction,
there are certain environmental factors which are unfavorable and
harmful. Against these it is necessary to devise means of protection
or defense.

Crimatic anp Naturar. Against unfavorable climatic condi-
tions man has erected shelter and provided clothing and artificial
heat. Against darkness, which would curtail his hours of activity, he
provides artificial light, and against competitive life of every sort,
from the wild beasts of the jungle to the germs of infectious diseases,
he employs all the resources of his ingenuity and his ever-expanding
knowledge of the natural forces. These may be termed the primary
unfavorable factors. They exist independent of human activity.

Resurring FrRoM Human Acrivimies.  There is another group of
unfavorable factors that have resulted from the activities of man
and in part from his attempts at control. Frequently, as in housing,
the solution of one problem introduces several others, such as
ventilation and illumination.

Given air, water, and food, the human mechanism is able to carry
out its essential oxidizing reaction, the principal purpose of which
is growth and the production of useful energy. The final disposition
of that energy need not be further considered, but it is necessary to
consider the remaining output of the reaction, the by-products or
wastes. Chief among these are heat, carbon dioxide, water vapor,
and the excreta.

Consider first the relation of certain of these to the simplest and
most intimate of the environments, the air. Pollution of the air by the
waste products which are exhaled or which pass off through the skin
is immediate and unavoidable. The mechanism of respiration could
hardly have been better designed to accomplish this result. It is as if,
in the water environment, domestic sewage were discharged directly
into the water-supply reservoir. Yet, owing to the abundance of the
air supply, its great freedom of motion and the ready diffusibility of
gaseous substances, no harmful condition is likely to arise in the
open. It is only when the air supply is artificially limited by confine-
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The pollution of water and of food by human wastes is more seri-
ous and less easily remedied. Here the provisions of nature and the
physical laws which apply are not so helpful. In fact, they appear to
favor the disease-bearing agencies and to facilitate their passage from
patient to new victim. This, of course, is merely biological adapta-
tion on the part of the disease bearers. The life history of the malaria
organism (p. 193) offers a marvelous example.

One of the major problems of environmental control is to learn as
much as possible about these various channels of communication
and, by prevention or remedy, to protect man against the pollutions

that result from his own activities.

SYNOPTIC OUTLINE

These various aspects of environmental sanitation may now be
regrouped so as to bring them under the three major contacts. This
grouping, possibly somewhat arbitrary in certain features, provides
a useful order of presentation of the subject matter and thus consti-
tutes a synoptic outline of the sections and chapters which follow.

The present text (Volume I) is confined to the discussion of the
first two contacts, air and water, leaving for Volume II treatment of
food supply and of certain other matters of a mathematical nature.

THE ENVIRONMENT
The Air Contact
Weather and Climate
Housing and Clothing
Air Supply, Ventilation.
Heating.
Illumination.
Other Services.
Atmospheric Pollution.
Noise.
Insects and Insect Control.
The Water Contact
Water Supply.
Plumbing.
Sewerage and Sewage Disposal.
Stream Sanitation; Other Uses of Streams; Bathing, Shellfish - Growing, etc.
The Food Contact ’
Milk.
Shellfish, -
Other Foods.
Markets and Eating Places.
‘Garbage Disposal
Rats. i
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PART ONE
THE AIR CONTACT
Man’s Relation to the Atmosphere

The atmosphere constitutes man’s most intimate environmental
contact. It presses with a force of about 15 pounds upon every square
inch of the body’s external surface and, through respiration, it freely
bathes the extensive inner surface of the lungs. From there its gases,
and especially the life-giving oxygen, are diffused and absorbed into
the blood stream in exchange for carbon dioxide, a waste product of
the bodily metabolism.

Adverse atmospheric conditions undoubtedly led to the early devel-
opment of protective shelter, clothing, and housing; and housing, in
turn, has resulted in many secondary problems such as ventilation
and lighting. The body is cooled by the air contact; a process as essen-
tial to normal operation as is the cooling of a gas engine, and carried
out in a very similar manner, by means of forced circulation of a
heated fluid, the blood, through a “radiator” system, the lungs and
skin. This cooling function of the air and the maintenance of a
hygienic thermal environment constitute the physical basis and the
primary objective of much of our modern air conditioning practice.

The transmission of light for vision and of the thermal, therapeu-
tic, and germicidal radiation from the sun are matters of specific air
transparency, and artificial lighting is, in the last analysis, the result-
ant of supply, transmission and reflection of luminous flux. We may
speak, therefore, of a luminous environment, as well as of a thermal
environment.

The special senses of hearing and smell likewise function through
air-transmitted stimuli and are assailed by noise and by offensive
odors. These senses then each have their special air environments.

In brief, there are many normal physiological functions which
depend upon the atmosphere as a transmitting or intervening
medium or upon environments acting through the air. For these
reasons, we shall broaden our concept of the air contact in order to
 investigate the effect upon health, comfort, and efficiency of such
e 14
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abnormal modifications as smoke, dust, odors, and noise, and of the
intensity and distribution of artificial lighting.

Sickness and death may result from pollution of the air with toxic
gases, such as carbon monoxide produced in a poorly functioning
water heater, or with any of the scores of dusts, fumes, and vapors
now known and listed as industrial hazards. Ventilation, especially
industrial ventilation, thus involves more than the control of the
thermal environment. A certain degree of freedom from impurities
of many specific types must be maintained. Nor need these examples
of dangerous air pollution be confined to chemical poisons and
physxcal contaminants. Through the air one may encounter air-borne
germs of disease recently expelled from an infected nose or throat
durlncr sneezing, coughing, or merely speaking. Our survey of the
air contact must take note of the renaissance of an ancient theory of
air carriage of disease and review that newest of sanitary measures,
the dxsmfectlon of air. L

Finally, air-borne contact with certain diseases may also be estab-
lished through such biological hosts as mosquitoes or such mechani-
cal carriers as flies. There are many kindred channels of infection by
insects, and the means for their control may well be considered as
coming within our broadened concept of the air environment.

These in brief outline are the major subdivisions of man’s contact
with the atmosphere, to be dealt with in some detail in the chapters
which follow. It may be well at the outset to survey some of the
physical aspects of the atmosphere itself as they appear in the form
of weather and climate and in the associated problem of housmg




CHAPTER 2
WEATHER AND CLIMATE. HOUSING
THE WEATHER

That uncertain fluctuating day-by-day combination of tempera-
ture, humidity, wind, sunshine, cloudiness, fog, and precipitation,
which  provides an unfailing subject of conversation, generally
adverse, we call the weather. It is forever creating, with surprising
frequency, new high and low records for the date, the month, the
year, or the entire period of observation. Its prediction for tomorrow,
or for some longer period ahead, is becoming an increasingly accu-
rate scientific procedure, of great usefulness to agriculture, to com-
merce, and to the aeronautical art, as well as to the “man on the
street.”

" Perhaps the characteristic of weather having the greatest influence
upon health is its quick changes. The slower seasonal changes, like
climatic differences, are met by gradual acclimatization and with
~suitable changes of clothing. Sudden changes, such as accompany a
cold wave, catch the body unprepared, or the unwary individual
without suitable protective clothing. In northern cities physicians
often speak of preumonia weather; and the general outbreak of com-
mon colds which follows the early cold weather and the starting up
of the heating plants is an annual event which never fails to mate-
rialize.

CLIMATE

Climate is the more stable long-period set of conditions, stated in
terms of averages and normal seasonal ranges, which characterizes
places and regions. It determines the nature of agricultural pursuits
and the choice of vacation lands and health resorts and furnishes
unlimited copy for Chambers of Commerce.

SOME CLIMATIC FACTORS

Climate is determined to a large extent by certain fixed geographi-
cal factors, among these being latitude, altitude, and relation to the
sea. : e

16
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Latrrupe. The latitude of the place influences the solar radiation
in several ways. At any point on the earth’s surface the sun is above
the horizon about half the time; thus the total hours of possible sun-
shine per year are constant and independent of latitude. But the dis-
tribution of these hours varies from the extreme of 6 months of day
and 6 months of night at the poles to the nearly uniform 12-hour
day at the Equator. The longer days of summer and the longer
nights of winter make for more marked seasonal variations in tem-
perature in the higher latitudes.

Again, the intensity of solar radiation, as received upon a horizon-
tal surface, is proportional to the sine of the sun’s altitude. For points
outside the tropical zone, the altitude of the noon sun, as of any given
date, decreases directly with the increase in latitude. This makes for
a continuously decreasing rate of effective radiation per hour of
actual sunshine and also for a wider range of effective radiation over
the seasons as the latitude increases. Finally, it is estimated® that
about 32 per cent of the solar radiation, incident upon the earth’s
outer atmosphere, is lost by total reflection, and that an additional
34 per cent is absorbed within the atmosphere. If we define as unit
air mass the atmospheric layer directly overhead, the air mass
through which the radiation passes, and which is responsible for
atmospheric absorption, is proportional to the cosecant of the sun’s
altitude, or inversely proportional to its sine. Thus, at the higher
latitudes less heat is received; it is spread over a greater area, owing
to the angle of incidence, and it is distributed less uniformly through-
out the year. ‘

Sky brightness, a condition of direct influence upon natural illu-
mination within buildings (see p. 155) is also a function of latitude.
In the continental United States its value appears to decrease about
2 per cent per degree of increase in latitude.t ;

Avrrrupe.  The altitude of a place is a climatic factor because of
the lesser air mass overhead. This results first, in a lessened absorp-
tion of radiant energy by the atmosphere and consequent greater
intensity of solar radiation. The increased warming effect, however,
is more than matched by an opposite effect related to the selective
transparency of the atmosphere for radiation in different portions
of the spectrum. The atmosphere has a blanketing or “greenhouse”
effect, because it readily transmits much of the high-temperature

* Physics of the Aur.
+H. H. Kimball, Monzhly Weather Rev., 47, 769, 1919.
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radiation of the sun but is more opaque to the longer wave lengths
which are reradiated from the cooler surface of the carth.

Thus, the higher altitudes are characterized by more intense warm-
ing by day and a greater rate of cooling by night. The net effect is
a decreased mean temperature with increasing altitude. There are
said to be places in Africa and in South America in which there is
perpetual snow under the Equator.

Altitude also affects sky brightness. In the Plain states, west of
the Mississippi, at elevations between 1500 and 2000 feet, the average
brightness of the whole clear sky is about 25 per cent greater than
it is in the states along the eastern coast, at elevations under 500 feet.
In the Plateau states, west of the Rockies and at elevations of the
order of 7000 feet, the sky brightness is about 46 per cent greater
than in the East*

Finally, the mean barometric pressure of a place is determined
‘primarily by its altitude. The relation between the two does not
follow the theoretical formula based upon static equilibrium, but
within the habitable zone, that is, up to the perpetual snow line at
3 to 4 miles elevation, the pressure falls off at a geometric rate of
about 20 per cent per mile. Its relation to the normal sea-level pressure
P, therefore, is

0.8"P

m being the altitude in miles. Thus at Denver, Colo., elevation
just one mile, the normal pressure is about 80 per cent of that at sea
level, and at the elevation of some of the towns of Peru and Bolivia,
three miles, the pressure becomes a little over one-half normal.

Apart from its relation to air currents, pressure per se probably
exerts little influence upon human well-being. Rapid ascents of high
mountains are likely to cause mountain sickness, but adaptatlon
takes place quickly, and the only permanent result is a more
rapid respiration rate and deeper breathing to compensate for the
diminished oxygen pressure. .

Precrerration.  The average annual ra1nfa11 together with its sea-
sonal distribution, constitutes one of the most important and sig-
nificant characteristics of climate. Its relation to stream flow and to
water supply is so basic as to justify a detailed treatment under
Hydrology, Chapter 9. As a climatic factor, it modifies the nature
of the vegetation and to a large extent determines the extent of

* H. H. Kimball, loc. ciz.
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agricultural development. In conjunction with the topography and
geology of the region it is responsible for the conditions of soil
wetness, the elevation of the water table and the presence of swamps,
plains, and forests. It influences animal life from insects to man. It
has special significance in the prevalence of malaria and other
mosquito-borne diseases. , S

Some of the effects of the extremes of precipitation in each direc-
tion may be modified by irrigation on the one hand and by drainage
on the other. By these means large areas in many parts of the world
have been reclaimed and made usable. On the whole, however,
precipitation largely determines the habitability of the region.

Precipitation is not an entirely independent factor of climate, but
rather a resultant of several of the more basic factors. Latitude and
elevation modify it as between rain and snow and thus greatly
influence the distribution of the effective precipitation through the
seasons. Mountain ranges, proximity to major bodies of water, and,
in particular, the great circulations of air and water discussed in the
next section all contribute to the determination of its extent and
seasonal distribution.

CircuraTioN oF AIr aNnp Warer. Two dominant factors in the
determination of climate are the great currents of circulating air and
water which move in more or less fixed paths over the earth’s sur-
face. The heated air of the tropics rises and flows toward the poles,
while a countercurrent of cold air flows from the poles toward the
Equator nearer the earth’s surface: the rotation of the earth gives to
these currents a lateral twist resulting in the northeast and southeast
trade winds. Land and water configurations, the physical influence
which results in the cooling of rising (expanding) and the warming
of descending (contracting) air, and the influence of evaporation
and of condensation upon the temperature of the air mass, all
combine to prodtice climatic zones. These may be characterized by
moderate to extreme conditions of moisture, drought, storminess,
or seasonal variations; by monsoon and hurricane seasons; or by
somewhat fixed storm tracts over which the centers of cyclonic storms
pass in regular succession. In the temperate zones storms. and pre-
cipitation result from the mutual interaction of the cold fronts of the
return currents from the poles and the warmer poleward moving
currents. :

Corresponding to these air currents are the great ocean currents
of which the Gulf Stream-is a well-known example. Moving away
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from the heated tropics, these waters profoundly modify the climates
of the lands near which they pass. Other lands are similarly influ-
enced, in the opposite direction, by the return currents from the
polar regions.

Masses of water also produce seasonal lags. They delay the onset
of spring and early summer and prolong the normal fall into the
early winter. These effects result from the mobility and the rela-
tively high heat capacity of water, as compared with that of land
surfaces, and the fact that thermal energy penetrates into water and
is absorbed in depth. Air circulation tends to equalize land and
water temperatures and thus to make the seashore cooler in summer
and the seacoast, in general, milder in winter. In the Citrus Belt
of Florida the occurrence or nonoccurrence of frosts is frequently
determined by the presence of near-by lakes or even of a high
underground water table.

Thus, proximity to the sea and to other large bodies of water, such
as the Great Lakes, has a marked influence upon climate. In many
places, such as the British Isles, relation to the sea is the dominant
climatic factor.

MEDICAL CLIMATOLOGY

The relation of climates to man, especially to his health and
physical well-being, constitutes the subject matter of medical clima-
tology. These relations have long been matters of observation and
of scientific study in the colonial possessions of European countries.
Modern means of travel will make them of increasing interest and
importance.

In his Mainsprings of Civilization Huntington analyzes the con-
ditions of progressive civilization into climate, racial inheritance,
and cultural inheritance. Cultural inheritance is the accumulated
capital of a people, a measure of past development but not neces-
sarily of future progress. Compare, for example, the “lost” civi-
lizations of Central America, quite conceivably extinguished by
unfavorable climatic changes, with the barrenness of the early
‘North American colonists, both in physical establishments and
cultural background.

Even racial inheritance is regarded as less fundamental than
climate, for climate underlies evolutionary adaptation and is inti-
mately related to health and work, to food resources, and to com-
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petitive life. It has determined major migrations, wars and conquests,
and racial intermixtures.

Mills ascribes to climate much of man’s racial, physical and cul-
tural development. He regards the ease or difficulty of heat loss from
the body as the major contributing climatic factor. In the cooler and
dryer climates, disposal of the waste heat attendant upon physical
labor is readily accomplished, metabolism and physical activity are
stimulated, fertility is enhanced, and children grow faster and
develop more robust bodies.

“There remains little doubt,” says Mills, “that mean temperature
levels and ease of body-heat loss does truly dominate human
development both regionally and down through the centuries of
racial existence.”

By a somewhat arbitrary combination of climatic variability,
including storminess and diurnal variation, with general tempera-
ture level, Mills arrives at an index of stimulation for the place
which he believes to be highly correlated with basic health. This
index, however, is likewise subject to the rule of the medium.

High stimulation is believed by Mills to lead to a high-energy
level of living and greater general vitality which may prove too
great a strain. He finds that, in the Great Lakes region, “probably
one of the most invigorating climates the world has to offer,” the
degenerative diseases of postmiddle life, arteriosclerosis, diabetes,
and mental failure, are more frequent than in the South. Resistance
to infection, on the other hand, is increased.

Aggressiveness and forceful advancement are possibly accom-
panied by a wasteful expenditure of energy and associated with
more frequent breakdowns both physical and mental. At the lower
level of living, energy is utilized more advantageously. Work is
done more slowly, but upon a lesser fuel intake per unit of work
done.

Mills sees especial danger in northward migration from the
southern states. Such migrants are more susceptible to sclerosis
and to metabolic disturbances, more sensitive to chilling, and less
resistant to infection. Even a short stay in the tropics renders one
from the north more susceptible, upon his return, to colds and
pneumonia.

AccriMaTizATION. Migration from middle latitudes to the tropics
presents many issues of economic as well as of health importance,
especially in Great Britain, Holland, and other countries having
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extensive tropical colonies. Some of the simpler physiological facts
appear to be established.* There is a lowering of blood pressure due
to dilation of the capillaries. The pulse rate increases temporarily
but after a few weeks or months resumes its normal value. Deeper
and slightly more rapid respiration brings about increased lung
ventilation and assists in heat dissipation, and much more water is
drunk to offset increased evaporation.

Martin believes that much of the difficulty of the European in the
tropics is a matter of clothing.

Man, in his nakedness and the wide area over which he can sweat,
is the best adapted of all creatures to withstand high external tempera-
tures, and coincident with his loss of hair his increasing intelligence has
allowed him to extend the downward range of external temperature at
which he can remain homothermic by providing himself with an adjust-
able insulation . .. the obstacle to work in hot climates for the
European, is as much a social as a physiological one. It is clothing. The
coolie works with his nice brown body exposed and covered with sweat
and is jolly, whereas the white man distressfully labors in a hyperthermic
condition, straining his heart to work a refrigerating plant which he has
rendci{red inefficient because his sense of dignity forbids him to expose
his skin.

Experimenting with himself, Martin found that, while he was
doing hard labor, his body temperature rose directly with the wet-
bulb temperature of the air (see p. 42), and as much as 3 degrees
Fahrenheit. This he regards as physiological adaptation and not as
a failure of compensation. Metabolism is stimulated, in a cold envi-
ronment, by the activity of the thyroid and other glands, and this
same effect is measurable in the higher temperatures as a slightly
depressing action upon metabolism. However, the total effect
‘amounts only to about 10 per cent in a resting man, and to about
2 per cent in a man walking at four miles per hour. It is too small,
therefore, to be of any practical effect during labor.

MODIFICATIONS OF THE CLIMATE

Throughout the long history of the world, climate has been a
geological feature, intimately related to the glacial periods and other
geological ages. The desert of Sahara was probably a fertile plain
when central Europe was under a sheet of perpetual ice. In our own

*For a good summary se¢ Sir Charles J. Martin, Lancet, 219-561 and 617,
1930—11. : -
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day, careful analysis of the systematic records seems to disclose
definite climatic shifts superimposed upon the shorter-time cyclic
variations. The records are not sufficiently extensive to show whether
these shifts are, in fact, evidence of a continuous drift, or are merely
part of long-period cycles.

Unfortunately, or perhaps fortunately, weather and climate are
not immediately subject to modification by human interference,
despite recent successful experiments with the use of solid carbon
dioxide, dry ice, in inducing precipitation over limited areas and
times. However, by observation and the application of the data of
climatology, something may be learned as to what is beneficial and
what harmful in matters of temperature, humidity, wind move-
ment, sunshine, fog, and other meteorological elements, and in their
diurnal and seasonal variations.

In a restricted sense all these climatic features are, in fact, modi-
fied by housing and clothing, not to speak of travel. Especially
important is that artificial climate in which so large a part of our
lives is spent, the indoor climate of the house, the shop, the office,
and the school. This is not only true during the so-called heating
season of the winter months in the North, but is becoming increas-
ingly so, owing to modern air conditioning, during the hot-weather
months and in the warmer countries.

An even more personal climate is that which is maintained within
the clothing of the individual. Body heat and moisture are retained
to a greater or less degree, as desired, and protection is afforded
against wind, rain and too intense sunshine. The hygiene of clothing
might well be the subject of more complete scientific examination
than has often been given to it. Unfortunately, clothing is variously
employed for protection of the body, for personal adornment, and
in compliance with the normal dictates of modesty. The extent to
which one or the other of these functions becomes dominant makes
an interesting study in human nature. Clearly, utilitarianism does not
control the selection and use of clothing, however simple it may be,
nor can it be expected to.

Enclosed and heated trains, streetcars, and automobiles provide
temporary artificial climates like those of the home and office, all
of which suffer from one defect. Passage from atmospheres that are
comfortable, or that are more likely to be uncomfortably overheated,
to a raw chilly out-of-doors is attended by a shock that is distinctly
unwholesome, just as are sudden changes in weather.
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HOUSING

Looking backward through the long vista of human development,
it is not difficult to think that the earliest attempts made in the
direction of environmental control were those in which protection
and security against the rigors of the climate, sunshine and rain, heat
and cold, were sought in natural or artificial enclosures. This belief
is supported by the many evidences of early cave life among primi-
tive peoples. Today the functions of housing are expanded and
differentiated, and there are many distinct types of problems asso-
ciated with the home, the school, the factory, and the various places
of public gathering.

Among these, however, the home, the place of living, of eating,
of sleeping, and of rearing the family, is of such basic significance
in the social and economic life of the community and in the well-
being of its people that the term kousing in general parlance is
limited to the sheltering of the family; to the location, construction,
equipment, and maintenance of the home. Curiously, the problems
of housing are not so much the meeting of the basic requirements of
shelter, as they are those secondary matters that have arisen as a
consequence of that attempt: overcrowding, ventilation, lighting, and
the provision of facilities for cleanliness and for the disposal of
wastes.

Many of these specific problems are common to buildings in
general and will call for detailed consideration in the proper places.
For the present we deal with those special matters, associated more
frequently, but not exclusively, with a still more restricted meamng
of the term housing; with the homes of the poorer classes in the

more crowded portions of every city, with the slums or that district

often spoken of as “the other side of the railroad tracks.” In brief
we deal with minimum requirements for housing the under-
privileged as a social recognition of the fact that sickness and death
rates in every community increase as we pass down the economic

scale.

RELATION TO HEALTH

The obvious point of departure in any discussion of minimum
housing requirements is the effect of bad housing conditions upon
the health of the inhabitants and, indirectly, upon the commumty
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at large. Concerning this, Professor Winslow has written in
Housing for Health:

It has so far been impossible to demonstrate by exact statistical proce-
dure what proportion of the high death rates which characterize the
slums may be due to the physical characteristics of the slums themselves,
what proportion is due to other aspects of the poverty of their inhabitants,
and what proportion is the result of inherent physiological and psychical
handicaps of the slum dweller.

The Committee on the Hygiene of Housing of the American Public
Health Association, in its “Basic Principles of Healthful Housing,” has
listed thirty specific characteristics of housing whose direct influence
upon health has not been successfully challenged.

Is it possible to doubt that rat-ridden tenements breed endemic typhus,
that mosquito-breeding pools near unscreened dwellings cause malaria;
that insanitary privies, unlighted, shared toilets, polluted wells, and con-
nections between sewerage and water supply systems promote intestinal
disease; that room-overcrowding facilitates the transmission of diphtheria
and scarlet fever and meningitis and penumonia?

There are some 30,000 fatal accidents which occur each year in the
home—nearly as many as are attributable to the automobile. Can it be
doubted that rickety steps and rotten handrails, dark stairways, wood
stoves, and kerosene lamps contribute to a substantial proportion of
these fatalities?

Health, however, means more than just staying alive. Health means
vigor and efficiency and satisfaction in living. The primary purpose of
the home is shelter against the elements and the provision of an inner
environment in which man can function to better advantage. The shack
which has no heat in winter and the tenement which has no cross-
ventilation in summer are not compatible with health. Nor is the dwell-
ing with no sunlight by day and no adequate illumination by night.
Nor the dwelling where elevated railroads or automobile horns shatter
the repose of the sleeping hours.

Finally, we must take into account the demands of emotional as well
as of physiological health. The home is a work place where some sixty
hours of labor must be performed on the average every week. If con-
ditions are not such as to facilitate performance of the household tasks,
fatigue results, as surely as in any factory workroom. Some opportunity
for privacy—"“a room of one’s own” or its nearest possible equivalent—is
an essential need for emotional health; and on the other hand, oppor-
tunities for normal exercise of the social functions is equally necessary.
The Committee on the Hygiene of Housing has correctly pointed: out
that more damage is done to the health of the children of the United
States by a sense of chronic inferiority due to the consciousness of living
in substandard dwellings than by all the defective plumbing which those
dwellings may contain.

Bad housing, as a matter of practical fact, is profoundly detrimental to -
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“health; and the existence of the slum is a health problem of outstanding
significance.

BASIC PRINCIPLES

The 30 specific characteristics of housing referred to in the fore-
going were presented in detail in an earlier report (reprinted as an
appendix in Housing for Health*), together with suggested means
of attainment. They are believed to represent “fundamental minima
required for the promotion of the physical, mental, and social health,
essential in low-rent as well as in high-cost housing, on the farm as
well as in the city dwelling.” They deal with housing management
as well as planning and construction; they represent the well-
considered conclusions of a group of specialists based upon some
years of study, observation, and research.

Briefly summarized, these Basic Principles cover the following
matters.

Puysiorocrca Neeps. The thermal environment must be such
as to avoid undue heat loss and to permit adequate heat loss from
the human body. Air must be of reasonable chemical purity as
regards odors, smoke, fumes, and soot from within or without the
house. There should be suitable natural light, including some sun-
light, adequate artificial lighting, freedom from excessive noise, and
space for exercise and play.

Psycrorocrcar Neeps. There should be provision for individual
privacy and for the sociability of normal family life and of com-
munity life. Means should be available for the performance of
household labor without undue physical and mental fatigue, and for

~maintenance of personal and household cleanliness. The home and
its surroundings should provide for aesthetic satisfaction and be in
concord with the prevailing social standards of the local community.

Prorecrion acainst Contacron. A water supply of safe sanitary
quality protected against pollution within the building, toilet facili-
ties that will minimize the danger of transmitting disease, and a
properly designed and installed plumbing system are first essentials.
Unsanitary conditions in the vicinity and vermin are to be avoided.
Refrigeration for food and ample sleeping space to minimize the
danger of contact infection should be provided.

Protection acainst ‘Accipents. Under this classification are

* Basic Principles of Healthful Housing, 2d c¢d., American Public Health Associa-
tion, committee on the hygiene of housing, 1939.
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included structural safety of the building itself, elimination of fire
hazards, provision for escape in case of fire, protection against
electric shock and burns, against accidental falls in the home and
against the hazards of automobile traffic.

This report deserves careful study by anyone whose major interests
lie in the direction of housing. Many of the principles outlined are
discussed at greater length in the chapters which follow.
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CHAPTER 3

‘THE AIR SUPPLY OF ENCLOSED
PLACES

THE PROBLEMS OF VENTILATION

Within any enclosed space where people are living and working,
there exists a modified air environment having two outstanding
characteristics. The temperature, humidity, and other physical con-
ditions are under control and, within wide limits, may be modified
at will; and the air is subject to pollution by human occupants and,
at times, by industrial operations. It may happen, too, that the indus-
trial or manufacturing operations, although not necessarily produc-
ing undesirable changes in the air, yet have certain requirements as
to temperature or humidity which bear upon the health of the
worker. This was long the situation in the textile industry, where the
operations of spinning and weaving were best conducted under
conditions of excessively high humidity. In other situations, as in
deep mines, unhealthful conditions exist as a result of the physical
surroundings.

Measures adopted for the control of the air supply must, in the
first instance, be related to the specific conditions to be maintained,
prevented, or remedied. Thus, whereas the terms ventilation or air
conditioning are frequently employed in a broad way to cover
remedial or corrective treatments in general, more detailed study of
particular situations will disclose specific needs and indicate one or
another type of control. In brief, diagnosis properly precedes treat-
ment. The problems of ventilation are in fact largely problems of
diagnosis, which, in turn, involve the study of human requirements
" and tolerances and the establishment of standards of permissible
departures from the optimum air conditions.

We proceed, then, to somewhat detailed consideration of the
effects of human occupancy and of the various industrial operations
upon the air of enclosed and occupied places, particularly as these
effects may be related to the health, comfort, or efficiency of the
occupants. But, as these two types of pollution, from human occu-
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pancy alone and from industrial operations, differ greatly as to
causes, effects, and treatments, they are best dealt with separately
and as wholly independent problems.

AIR POLLUTION BY HUMAN OCCUPANCY

Earcy Views. The “vitiation” of the air of an enclosed space by
human occupants attracted the attention of physiologists at an early
date. The analogy of suffocation of a mouse or extinction of a lighted
candle under a bell jar, may have led to a belief that lack of ventila-
tion of crowded rooms and subsequent discomfort was similarly a
matter of depleted oxygen, but this view never received scientific
support. Lavoisier (1770), who gave us the first scientific knowledge
of the chemistry of respiration, concluded that the ill effects of lack
of ventilation were due to the accumulation of the by-product of
combustion, which we now know as carbon dioxide, rather than
to the lowering of the oxygen content of the air.

Nearly a century later Pettenkofer* expressed the belief that, under
the conditions of normal habitation, the carbon dioxide content of
the air never reaches a level at which it begins to manifest harmful
symptoms, as indicated by laboratory tests. We may note, for
example, (Table 1) the conditions as relating fresh air, the air within
the lungs (respired air), and the air of certain places. Nevertheless,
the carbon dioxide theory has persisted almost to our own day, as
witness various codes and ventilation standards of recent years.

The facts are that in the worst-ventilated and crowded rooms the
oxygen content may fall from 21 to 20 per cent, and the carbon
dioxide rise to one half of one per cent. These values are quite
without physiological significance. The air of the lungs normally
contains 16 per cent of oxygen and 4 per cent of carbon dioxide.
This condition is automatically maintained by modification of the
depth and frequency of breathing and is almost uninfluenced by
any considerable range of outside air c